LA-13998

Approved for public release;
distribution is unlimited.

Radionuclide Concentrations in Predator
and Bottom-Feeding Fish Upstream

and Downstream of Los Alamos National
Laboratory: 1976 to 2002

(With Special Reference to the La Mesa and

Cerro Grande Fires)

» Los Alamos

NATIONAL LABORATORY



Edited by Hector Hinojosa, Group IM-1

Front Cover: Crew members collecting fish samples on the Rio Grande with an
electrofishing unit.

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by the
University of California for the United States Department of Energy under contract W-7405-ENG-36.

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the Regents of the University of California, the United States Government nor
any agency thereof, nor any of their employees make any warranty, express or implied, or assume
any legal liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represent that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorse-
ment, recommendation, or favoring by the Regents of the University of California, the United States
Government, or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the Regents of the University of California, the United States
Government, or any agency thereof. Los Alamos National Laboratory strongly supports academic
freedom and a researcher's right to publish; as an institution, however, the Laboratory does not
endorse the viewpoint of a publication or guarantee its technical correctness.



LA-13998
Issued: December 2002

Radionuclide Concentrations in Predator and
Bottom-Feeding Fish Upstream and Downstream of
Los Alamos National Laboratory: 1976 to 2002

(With Special Reference to the La Mesa and Cerro Grande Fires)

P.R. Fresquez
L. Soholt

K. Bennett
G.J. Gonzales

VA
AN
> Los Alamos

NATIONAL LABORATORY



iv



RADIONUCLIDE CONCENTRATIONS IN PREDATOR AND BOTTOM-
FEEDING FISH UPSTREAM AND DOWNSTREAM OF
LOS ALAMOS NATIONAL LABORATORY: 1976 to 2002
(With Special Reference to the La Mesa and Cerro Grande Fires)

by

P.R. Fresquez, L. Soholt, K. Bennett, and G.J. Gonzales

ABSTRACT

Radionuclide concentrations, trends, and dose assessments were determined in
predator (e.g., trout, bass, pike) and bottom-feeding (e.g., catfish, carp, sucker) fish
collected from reservoirs upstream (Abiquiu, Heron, and El Vado) and downstream
(Cochiti) of Los Alamos National Laboratory (LANL) from 1976 to 2002. Comparisons
were also made in fish collected at Cochiti reservoir before and after fires that burned
over LANL lands—the La Mesa fire in 1977 and the Cerro Grande fire in 2000. In
general, the average levels of 3H, 9OSr, 137Cs, 238Pu, and *’Pu in predator and bottom-
feeding fish collected from Cochiti reservoir over the past two-and-one-half decades were
not significantly different (oo = 0.05) than fish collected from reservoirs upstream of the
Laboratory. Total uranium was the only element that was found to be in significantly
higher concentrations in both predator and bottom-feeding fish from Cochiti as compared
to fish from upstream reservoirs. The higher uranium concentrations in fish collected
from Cochiti, however, were related to natural sources. Although the long-term means
were not significantly different from background fish, trend analyses show that *H and
»%Pu in fish from Cochiti were significantly increasing over time, whereas *’Sr and "*'Cs
in fish from Cochiti were significantly decreasing over time. The “worst case” net
committed effective dose equivalent from the ingestion of the maximum amount of fish
per year (46 lb) using the upper bound (mean plus two standard deviation) concentrations
of seven radionuclides in fish from Cochiti was only 0.07% of the International
Commission on Radiological Protection all pathway public dose limit. Also, there were
no statistical differences in radionuclide concentrations in fish collected from Cochiti
after either of the fires that burned on LANL lands in 1977 and 2000 as compared to fish
collected before the fires.

1. INTRODUCTION
The source of most radioactive elements detected in the environment is from
fallout produced by nuclear weapons testing (Klement 1965), the burn-up of satellite

power sources in the atmosphere (Perkins and Thomas 1980), and common minerals in



the earth’s crust (Whicker and Schultz 1982). Other sources include planned or
unplanned releases of radioactive contaminated gases, solids and/or effluents from
nuclear weapons research, and development and testing facilities (USDOE 1979).
Treated and untreated radioactive liquid waste effluents, for example, were discharged by
Los Alamos National Laboratory (LANL) into several dry canyon bottoms in the early
years of operations (Purtymun 1975, Gallaher et al. 1999). There are 19 canyons that
traverse through LANL property, and, although most of the runoff and/or effluent flow in
the canyons is lost to the underlying alluvium and to evapotranspiration before leaving
LANL lands (Stephens et al. 1993), some flow resulting from excessive storm events
may eventually reach the Rio Grande (Abeele et al. 1981, Gallaher et al. 1999).

Fish constitute one pathway (ingestion) by which radionuclides can be transferred
to humans (Nelson and Whicker 1969, Gustafson 1969). As part of the environmental
surveillance program at LANL, fish have been collected since 1976 from Cochiti
reservoir, a 10,690-acre flood and sediment control project located on the Rio Grande
approximately five miles downstream from the Laboratory (Fresquez et al. 1994, Booher
et al. 1998, Fresquez et al. 1999). Radionuclides in fish collected from Cochiti reservoir
are compared to fish collected from Abiquiu, Heron, and El Vado reservoirs. Abiquiu,
Heron, and El Vado are located on the Rio Chama, upstream from the confluence of the
Rio Grande and intermittent streams that cross Laboratory lands. These reservoirs are
also sufficiently distant from the Laboratory as to be unaffected by airborne emissions.

This report summarizes radionuclide concentrations in predator and bottom-
feeding fish from 1976 to 2002 and expands the database by 13 years (Fresquez et al.
1994). Also, comparisons were made in fish collected from Cochiti reservoir before and
after two catastrophic fires that burned over LANL lands—the La Mesa fire in 1977 that
burned approximately 2,530 acres (Foxx 1984, Lissoway 1996) and the Cerro Grande fire
in 2000 that burned approximately 7,500 acres (LANL 2000). As a result of fire,
radionuclides that have accumulated in soils, vegetation, and duff from worldwide fallout
may be mobilized (Fresquez et al. 2000, Fresquez et al. 2001a, Gonzales et al. 2001,
Gonzales and Fresquez 2002, Kraig et al. 2002), and there are areas within the
Laboratory that contain radionuclides in soils and plants above background (fallout)

concentrations (Fresquez et al. 1998, Gonzales et al. 2000). Results of sampling have



shown that the after effects of the Cerro Grande fire, for example, had increased
concentrations of radionuclides in runoff down LANL canyons (Johansen et al. 2001,
Gallaher et al. 2002). However, these fire-related constituents were mostly bound to
suspended sediments in the runoff (i.e., not dissolved in water) and deposited on LANL
lands. While the median concentrations of radionuclides in runoff collected from the
most downstream LANL boundary were approximately the same as in previous years, the
total mass/flux of many radionuclides carried by the runoff increased by about one order

of magnitude (Gallaher et al. 2002).

II. METHODS

Samples of fish were collected from Abiquiu, Heron, and/or El Vado reservoirs,
located upstream of LANL, and Cochiti, a reservoir located downstream of LANL
(Figure 1). Fish were collected using gill nets, trotlines, and rod and reel from 1976 to
2002 between the months of May and September.

Fish were separated into two categories for analysis: predator and bottom-feeding
fish. Predator fish collected over the years consisted of rainbow trout (Salmo gairdneri),
brown trout (Salmo trutta), kokanee salmon (Oncorhynchus nerka), largemouth bass
(Micropterus salmoides), smallmouth bass (Micropterus dolomieui), white crappie
(Pomoxis annularis), and walleye (Stizostedion vitreum). Bottom-feeding fish collected
over the years included the white sucker (Catostomus commersoni), channel catfish
(Ictalurus punctatus), carp (Cyprinus carpio), and carp sucker (Carpiodes carpio). The
latter fish derive most of their food supply from the bottom portion of the reservoir(s) and
would be more likely to ingest any contamination present in sediments than the surface-
feeders (predator fish) (Gallegos et al. 1971).

At the laboratory, the fish samples were processed by separating the muscle and
associated skeleton from the viscera (entrails). The muscle plus bone samples were
rinsed thoroughly with distilled water and towel dried. About 1,000 g of the fish muscle
(and associated skeleton) were placed into tared 1-L beakers and weighed. The beaker
contents were oven dried at 80°C for 120 h, weighed, and ashed at 500°C for 120 h. The
sample ash was weighed, pulverized, and homogenized before it was submitted to an
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analytical laboratory for the analysis of *’Sr, "*'Cs, u, Pu, and total uranium (U).



Analysis for most years (1976-2000) was conducted by LANL, and the latter years’
(2000—present) analysis was conducted by Paragon Analytics, Inc., located in Fort
Collins, Colorado. All methods of radiochemical analysis have been described
previously (Salazar 1984, Fresquez et al. 1994). Results are reported on an oven-dry-
weight basis (dry g). For the analysis of *H, a small subsample (~100 wet g) was placed
into a 1-L beaker and heated to collect distillate (water). Results are reported on an
activity per mL basis. The ratio of U to ***U was determined by thermal ionization
mass spectrometry (Efurd et al. 1993) on samples of fish ash collected and processed
during the 1993 season.

Variations in the mean radionuclide content between upstream and downstream
predator and bottom-feeding fish samples were tested using a Student's t-test on normal
or log-transformed data at the 0.05 probability level. All of the data collected were
graphed and subjected to a nonparametric Mann-Kendall test for trends at the 0.05
probability level (Gilbert 1987).

The committed effective dose equivalent (CEDE) was calculated following
procedures recommended by the Department of Energy (USDOE 1991) and the Nuclear
Regulatory Commission (NRC 1977). The general process for calculating radiological
dose from ingestion of fish was as follows. First, after converting from dry to wet weight
concentrations (Fresquez and Ferenbaugh 1998), the wet concentration of radionuclides
in the meat was multiplied by a dose conversion factor that relates radiological dose to
activity concentration per unit mass of food ingested (USDOE 1988). Where different
dose conversion factors are provided for a radionuclide, the most conservative (highest)
factor was used. The final dose was calculated by multiplying the dose per unit mass
ingested by the total number of units ingested per year. The dose calculated is the 50-
year CEDE. Even though this dose would be received over a 50-year period, the entire
dose was reported as though it occurred in the year the fish were ingested. Three
calculations were performed: dose per lb of fish consumed, dose per average
consumption rate (12.5 lb of fish per year), and dose per maximum consumption rate
(46.2 1b of fish per year). The dose per Ib of fish consumed was reported so that
individuals may calculate their own doses based on their knowledge of their actual

consumption rates.



III. RESULTS AND DISCUSSION
a. Radionuclide Concentrations

All of the (radionuclide) data collected for predator and bottom-feeding fish
upstream and downstream of the Laboratory between 1979 to 2002 and 1976 to 2002 can
be found in Appendix A and Appendix B, respectively. The means of these radionuclides
for each fish type can be found in Table 1. Most radionuclides, with the exception of
uranium, were not significantly different in predator and bottom-feeding fish collected
from Cochiti reservoir as compared to fish collected upstream of the Laboratory. These
results are identical to results reported in an earlier assessment (Fresquez et al. 1994,
Fresquez and Armstrong 1996) and are similar, particularly Sr and Cs, with crappie,
trout, and salmon collected from (background) reservoirs and lakes in Colorado (Whicker
et al. 1972, Nelson and Whicker 1969).

Total U was the only element that was significantly higher in predator and
bottom-feeding fish collected from Cochiti as compared to background levels. The
differences between the mean values, however, were small, and the isotopic ratio of 35y
(1.25 x 10" atoms/g ash) to Z*U (1.74 x 10" atoms/g ash) in Cochiti bottom-feeding fish
collected during the 1993 season were consistent with naturally occurring uranium (e.g.,
0.0072) (Efurd 1994). Also, recent studies of sediment samples collected within the Rio
Grande (Gallaher and Efurd 2002) and Cochiti reservoir (Gallaher et al. 1999) show the
uranium to be from natural sources. In other words, there was no evidence of depleted
uranium in these fish or sediment samples. Depleted uranium, a by-product of uranium
enrichment processes, has been used in dynamic weapons testing at Laboratory firing
sites since the mid-1940s (Becker 1992). Instead, the higher uranium concentrations in
fish samples from Cochiti as compared to fish collected upstream of LANL were
probably a result of the following: (1) Cochiti receives greater amounts of sediments than
the other reservoirs. (2) There are more uranium-bearing minerals around the Cochiti
area. Uranium in Bandelier tuff around the Los Alamos area is higher (4.0 to 11.4 ug g'!)
(Crowe et al. 1978, Fresquez et al. 1998) than in soils from areas upstream of Cochiti (1.3
to 3.9 pug g'!) (Purtymun et al. 1987, Fresquez et al. 1998). And, (3) Some uranium may

be entering Cochiti reservoir via the Santa Fe River as this river flows past the edge of an



abandoned 25-acre uranium mine site (La Bajada Uranium Mine) approximately 9.7 km
(6 mi) upstream and northeast of Cochiti reservoir.

As expected, the bottom feeders from both downstream and upstream reservoirs
contained higher average uranium contents (12 ng/dry g) than the surface feeders (4
ng/dry g). The higher concentration of uranium in bottom feeders as compared to surface
feeders may be attributed to the ingestion of sediments on the bottom of the lake
(Gallegos et al. 1971). Sediments represent the accumulation or sink compartment for

most radionuclides in reservoirs (Whicker and Schultz 1982).

b. Committed Effective Dose Equivalent

Based on the mean concentrations of these radionuclides, the CEDEs from the
consumption of various amounts of fish from upstream and downstream reservoirs were
very low and very similar to one another (Table 2). In fact, CEDEs, based on mean
concentrations from fish ingested from Cochiti reservoir were lower than from upstream
sources. The “worst case” (the mean plus two standard deviations in fish from Cochiti at
the maximum ingestion rate) net CEDE (0.065 mrem/y) was less than 0.07% of the
International Commission on Radiological Protection public dose limit for all pathways
of 100 mrem/y (ICRP 1978).

Over 85% of the dose was a result of *’Sr in the muscle plus bone portion of the
fish. Strontium-90, an analog of Ca, deposits primarily in the bone (Whicker and Schultz
1982); and, therefore, the “worst case” dose to people that consume only the edible
portions of the fish (muscle only) would probably be significantly lower (i.e., about 85%

lower or around 0.0098 mrem/y).

c. Trend Analysis

*%Pu in bottom-feeding fish

Trend analysis shows that *H in predator fish and
from Cochiti have significantly increased over time (Table 3). Although these
radionuclides in fish from Cochiti were not statistically different from fish collected
upstream of LANL, *H has been routinely detected in other biota around LANL
(Fresquez and Gonzales 2000), and **’Pu has been detected in deep core sediments at

Cochiti (Gallaher et al. 1999). Plutonium-239, however, is not assimilated very readily



by biota (Whicker and Schultz 1982) and the reason for the increase is not completely
known. In contrast, *°Sr and *’Cs in both predator and bottom-feeding fish upstream and
downstream of LANL show significant decreases over time. Since *’Sr and "*’Cs have
about a 30-year half-life, these results may reflect the decay of these particular

radionuclides over time.

d. Effects of Fires

The results of the analysis of radionuclide concentrations in fish after two major
fires that burned within LANL lands can be found in Table 4. In general, all radionuclide
concentrations in fish collected one month to two years after the fires, particularly the
Cerro Grande fire which swept over 7,500 acres of LANL lands, were not significantly
different from radionuclides in fish collected before the fires occurred. These data are in
general agreement with the quality of runoff after the Cerro Grande fire (Johansen et al.
2001, Gallaher et al. 2002), but are in stark contrast to the modeled (upper bound)
estimates made by Risk Assessment Corporation (RAC) (RAC 2002). RAC was
employed by the New Mexico Environment Department to estimate the risk to the public
from chemicals and radioactive materials released to storm water from source areas in the
LANL environs after the Cerro Grande fire. They reported that of the different exposure
possibilities evaluated the largest potential for exposure was from eating fish from the
Rio Grande or Cochiti reservoir as a result of '*’Cs, mercury, polyaromatic hydrocarbons,
and high explosive materials. With respect to '*’Cs, calculated concentrations in fish
equivalent to the risks predicted by RAC were on the order of three to four orders of

magnitude higher than values measured after the fire.
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Table 1. Mean (+SD) Radionuclide Concentrations in Predator and Bottom-Feeding Fish Upstream and Downstream of
Los Alamos National Laboratory from 1976 to 2002.

FiSh Type/ 3H 9OSr 137Cs totU 238Pu 239,240Pu 241AIn
Location pCi/mL (1072 pCi/g dry) (107 pCi/g dry) (ng/g dry) (10° pCi/g dry)  (10° pCi/g dry)  (10”° pCi/g dry)
Predator Fish

Upstream 0.0 (0.3) 42 (4.7 6.7 (13.8) 2.8 (1.6) -0.5 (10.4) 7.7 (10.2) 13.7 (20.7)
Downstream 0.2 (0.3) 5.1 (3.0) 2.4 (6.1) 5.0 (2.2)% 4.5(12.3) 6.1 (7.4) 29.2 (55.0)
Bottom-Feeding Fish

Upstream -0.0 (0.2) 52(3.8) 6.6 (11.1) 8.1(4.1) 3.8 (7.8) 4.5(6.9) 10.3 (9.3)
Downstream 0.3 (0.5) 4.0 (2.4) -0.4 (28.1) 15.3 (11.6)* 3.3 (12.2) 3.1(6.6) 19.0 (25.0)

*Means within the same column and fish type followed with an * were significantly different at the 0.05 probability level using a Student’s t-test on
normal or log-transformed data.



Table 2. The Committed Effective Dose Equivalent for the Ingestion of Fish
Collected Upstream and Downstream of LANL.

Fish Type/ Average' Maximum’
Location mrem/lb (x2SD) mrem/y (x2SD) mrem/y (x2SD)
Predator

Upstream 0.0027 (0.0022) 0.034 (0.028) 0.125 (0.102)
Downstream 0.0012 (0.0013) 0.015 (0.016) 0.055 (0.060)
Bottom-Feeding Fish

Upstream 0.0016 (0.0020) 0.020 (0.025) 0.074 (0.092)
Downstream 0.0012 (0.0038) 0.015 (0.048) 0.055 (0.176)

' Average consumption rate for muscle plus bone is 12.5 1b (5.7 kg) per person per year.
*Maximum consumption rate for muscle plus bone is 46.2 Ib (21 kg) per person per year.
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Table 3. Results of the Kendall Tau Test for Trend in Predator and Bottom-Feeding Fish Upstream and Downstream of
Los Alamos National Laboratory during the Period 1976 through 2002.

FiSh Type/ 3H 9OSr 137Cs totU 238Pu 239,240Pu 241AIn
Location pCi/mL (1072 pCi/g dry) (107 pCi/g dry) (ng/g dry) (107 pCi/g dry) (107 pCi/g dry) (10° pCi/g dry)
Predator Fish

Upstream 0.45 D* 0.05 D* 0.02 D* 0.96 NT 035U 0.05 U* 0.88 NT
Downstream 0.04 U* 0.00 D** 0.50D 023U 0.52NT 034U 0.83NT
Bottom-Feeding Fish

Upstream 0.60 D 0.00 D** 0.02 D* 0.03 U* 0.01 U** 0.17U 0.88 NT
Downstream 0.17U 0.01 D** 0.00 D** 0.12U 0.94 NT 0.01 U** 0.94 NT

D = downward trend, U = upward trend, and NT = no trend
P* and ** denote significance at the 0.05 and the 0.01 probability level, respectively.
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Table 4. Mean (+SD) Radionuclide Concentrations in Fish Collected at Cochiti Reservoir Before (B) and After (A) the
La Mesa, Dome and Cerro Grande Fires.

Fire/Fish

Type/Years (Time "Sr YCs “'u B3py 239:240py #Am
after Fire) (10 pCi/g dry) (10 pCi/g dry) (ng/g dry) (107 pCi/g dry) (107 pCi/g dry) (107 pCi/g dry)
LA MESA (1977)

Bottom-Feeding Fish

B1976* b -0.8 (4.9) 2.0(2.1) -6.4 (6.7) -4.4 (0.3)

A1979 (2y)* 9.2(5.5) 10.3 (5.7) -13.0 (17.3) -11.4 (13.0)

CERRO GRANDE (2000)

Predator Fish

B1997-1999* 2.6 (2.8) 1.6 (1.3) 3.5(2.1) 3.0(19.2) 13.4 (18.8) 97.0 (140.8)°
A2000 (1m-3m)" 1.7 (3.0) 0.1 (1.0) 53(2.2) 7.7 (35.5) 0.5 (13.7) -11.7 (13.6)
A2001 2.3(0.1) 0.5(1.7) 5.1(1.2) 14.2 (19.7) 13.6 (4.5) 21.2 (10.1)
(10m-1.1y)*

A2002 (2y)" 2.4 (1.0) -0.5 (4.4) 9.9 (12.7) 3.8(21.9) 7.3 (12.5) 35.5(15.1)
Bottom-Feeding Fish '
B1997-1999* 4.7 (4.8) 0.7 (1.0) 20.1 (13.0) 1.6 (12.9) 13.3 (16.4) 31.7 (48.5)'
A2000 (1m-3m)" 1.2 (3.8) -0.3 (0.6) 10.7 (6.9) 11.7 (50.1) 6.9 (7.3) -1.9 (26.4)
A2001 2.4(0.1) 0.1(0.3) 13.8(1.4) 3.7(14.2) 0.0(5.1) 21.0 (11.6)
(10m-1.1y)*

A2002 (2y)" 3.0 (1.0) -0.5(2.9) 21.5 (16.7) 0.7 (7.5) 7.8(5.9) 15.0 (5.4)

*Data (n = 5) from Environmental Surveillance Group (1979). °Columns with no data indicate that the sample was either lost in analysis or not
analyzed. “Data (n = 7) from ESG (1980). ‘Data (n=15) from Fresquez (1998), Fresquez (1999), and Fresquez and Gonzales (2000). °(n = 10). Data
(n = 13) from Fresquez et al. (2001) and is the mean (and std dev) of three collection periods; and there were no statistical differences in any of the
radionuclide concentrations between the three collection times. ®Data (n = 17) from Fresquez et al. (2002) and is the mean (and std dev) of three
collection periods; and there were no statistical differences in any of the radionuclide concentrations between the three collection times. "Data (n = 6)

from Fresquez et al. (in preparation). '(n = 9).



IV. ACKNOWLEDGMENT
Our special thanks to the people who have participated in the collection and
processing of these samples over the years, namely Johnny Salazar (retired), Louie

Naranjo, and Rick Velasquez.

V. REFERENCES
Abeele, W.V., M.L. Wheeler, and B.W. Burton, "Geohydrology of Bandelier Tuff," Los
Alamos National Laboratory report LA-8962-MS (1981).

Becker, N.M., "Quantification of Uranium Transport Away from Firing Sites at Los
Alamos National Laboratory--A Mass Balance Approach," in Proceedings of the
Symposium on Waste Management: Technology and Programs for Radioactive Waste
Management and Environmental Restoration, R.G. Post, Ed., Tucson, Arizona (March

1-5, 1992).

Booher, J.L., P.R. Fresquez, L.F. Carter, B.M. Gallaher, and M.A. Mullen, “Radionuclide
Concentrations in Bed Sediment and Fish Tissue Within the Rio Grande Drainage

Basin,” Los Alamos National Laboratory report LA-13366 (1998).

Crowe, B.M., G.W. Linn, G. Heiken, and M.L. Bevier, "Stratigraphy of the Bandelier
Tuff in the Pajarito Plateau," Los Alamos Scientific Laboratory report LA-7225-MS
(1978).

Efurd, D.W., D.J. Rokop, and R.E. Perrin, "Actinide Determination and Analytical
Support for Water Characterization and Treatment Studies at Rocky Flats," Los Alamos

National Laboratory report LA-UR-93-917 (1993).

Efurd, D.W., "Los Alamos National Laboratory memorandum DWE 0001,” to P.R.
Fresquez, (January 18, 1994).

13



EAREG (Environmental Assessments and Resource Evaluations Group), “Environmental
Surveillance at Los Alamos during 1994,” Los Alamos National Laboratory report LA-13047-
ENV (1996).

ESG (Environmental Surveillance Group), “Environmental Surveillance at Los Alamos during

1978,” Los Alamos National Laboratory report LA-7800-ENV (1979).

ESG (Environmental Surveillance Group), “Environmental Surveillance at Los Alamos during

1979,” Los Alamos National Laboratory report LA-8810-ENV (1980).

Foxx, T.S., “La Mesa Fire Symposium,” pp.1-10, in La Mesa Fire Symposium, Los Alamos
National Laboratory report LA-9236-NERP (1984).

Fresquez, P.R., “Soil, Foodstuffs, and Associated Biota,” pp. 221-254, in Environmental
Surveillance at Los Alamos during 1997, Los Alamos National Laboratory report LA-13487-
ENV (1998).

Fresquez, P.R., and J.K. Ferenbaugh, “Moisture Conversion Ratios for the Foodstuffs and Biota
Environmental Surveillance Programs at Los Alamos National Laboratory,” Los Alamos

National Laboratory report LA-UR-98-1054 (1998).

Fresquez, P.R., “Soil, Foodstuffs, and Associated Biota,” pp. 231-271 in Environmental
Surveillance at Los Alamos during 1998, Los Alamos National Laboratory report LA-13633-
ENV (1999).

Fresquez, P.R. and G.J. Gonzales, “Soil, Foodstuffs, and Associated Biota,” pp. 309-360 in

Environmental Surveillance at Los Alamos during 1999, Los Alamos National Laboratory report

LA-13777-ENV (2000).

14



Fresquez, P.R., D.R. Armstrong, and J.G. Salazar, “Radionuclide Concentrations in Game and
Nongame Fish Upstream and Downstream of Los Alamos National Laboratory: 1981 to 1993,”
Los Alamos National Laboratory report LA-12818-MS (1994).

Fresquez, P.R. and D.R. Armstrong, “Naturally Occurring Uranium in Surface- and Bottom-
Feeding Fish Upstream and Downstream of Los Alamos National Laboratory,” pp. 85-90 in
NORM/NARM: Regulation and Risk Assessment, Proceedings of the 29th Midyear Topical
Health Physics Meeting (Scottsdale, AZ, January 7-10, 1996) (1996).

Fresquez, P.R., D.A. Armstrong, and M.A. Mullen, “Radionuclides and Radioactivity in Soils
Collected from Within and Around Los Alamos National Laboratory: 1974-1996,” Journal of
Environmental Science and Health, A33 (2) 263-278 (1998).

Fresquez, P.R., D.H. Kraig, M.A. Mullen, and L. Naranjo, Jr., “Radionuclides and Trace
Elements in Fish Collected Upstream and Downstream of Los Alamos National Laboratory and

the Doses to Humans from the Consumption of Muscle and Bone,” Journal of Environmental

Science and Health Part B, B34 (5): 885-900 (1999).

Fresquez, P.R., W.R. Velasquez, and L. Naranjo, Jr., “Effects of the Cerro Grande Fire (Smoke
and Fallout Ash) on Soil Chemical Properties Within and Around Los Alamos National
Laboratory,” Los Alamos National Laboratory report LA-13769-MS (2000).

Fresquez, P.R., W.R. Velasquez, and L. Naranjo, Jr., “Effects of the Cerro Grande Fire (Smoke
and Fallout Ash) on Possible Contaminant Levels in Soils and Crops Downwind of Los Alamos

National Laboratory,” Los Alamos National Laboratory report LA-13842-MS (2001a).
Fresquez, P.R., G.J. Gonzales, T. Haarmann, J. Nyhan, and B. Gallaher, “Soil, Foodstuffs, and

Associated Biota,” pp. 407—489 in Environmental Surveillance at Los Alamos during 2000, Los
Alamos National Laboratory report LA-13861-ENV (2001b).

15



Fresquez, P.R., G.J. Gonzales, T. Haarmann, J. Nyhan, and B. Gallaher, “Soil, Foodstuffs, and
Associated Biota,” pp. 419—-521 in Environmental Surveillance at Los Alamos during 2001, Los

Alamos National Laboratory report LA-13979-ENV (2002).

Fresquez, P.R., G.J. Gonzales, T. Haarmann, J. Nyhan, and B. Gallaher, “Soil, Foodstuffs, and
Associated Biota,” in Environmental Surveillance at Los Alamos during 2002, Los Alamos

National Laboratory report (in preparation).

Gallegos, A.F., F.W. Whicker, and T.E. Hakonson, "Accumulation of Radiocesium in Rainbow
Trout via a Non-Food Chain Pathway," Proc. 5th Ann. Health Physics Society Midyear Topical
Symposium, Health Physics Aspects of Nuclear Facility Siting, P.G. Voilliqui and B.R. Baldwin,
Eds. Comps, IL (1971).

Gallaher, B.M., D.W. Efurd, D.J. Rokop, and T.M. Benjamin, “Plutonium and Uranium Atom
Ratios and Activity Levels in Cochiti Lake Bottom Sediments Provided by Pueblo de Cochiti,”
Los Alamos National Laboratory report LA-13605-MS (1999).

Gallaher, B., R. Koch, and K. Mullen, “Quality of Storm Water Runoff at Los Alamos National
Laboratory in 2000 with Emphasis on the Cerro Grande Fire,” Los Alamos National Laboratory
report LA-13926-MS (2002).

Gallaher, B.M., and D.W. Efurd, “Plutonium and Uranium from Los Alamos National
Laboratory in Sediments of the Northern Rio Grande Valley,” Los Alamos National Laboratory
report LA-13974-MS (2002).

Gonzales, G.J., P.R. Fresquez, M.A. Mullen, and L. Naranjo, Jr., “Radionuclide Concentrations
in Vegetation at the Los Alamos National Laboratory in 1998,” Los Alamos National Laboratory
report LA-13704-PR (2000).

16



Gonzales, G.J., P.R. Fresquez, and C.M. Bare, “Contaminant Concentrations in Conifer Tree
Bark and Wood Following the Cerro Grande Fire,” Los Alamos National Laboratory report LA-
UR-01-6157 (2001).

Gonzales, G.J. and P.R. Fresquez, “Contaminant Concentrations in Burned Conifer Tree Bark
Collected Within the Los Alamos National Laboratory,” Los Alamos National Laboratory report
LA-UR-02-705 (2002).

Gilbert, R.O., Statistical Methods for Environmental Pollution Monitoring, Van Nostrand
Reinhold, New York, NY (1987).

Gustafson, P.F., "Cesium-137 in Freshwater Fish during 1954-1965," in Symposium on
Radioecology, U.S. Atomic Energy Commission report CONF-670503, D.J. Nelson and F.C.
Evans, Eds. U.S. Atomic Energy Commission, Washington, D.C. (1969).

ICRP, "Limits of Intakes of Radionuclides by Workers," International Commission on

Radiological Protection Publication 30, Pergamon Press, New York, NY (1978).

Johansen, M., B. Enz, B. Gallaher, K. Mullen, and D. Kraig, “Storm Water Quality in Los
Alamos Canyon following the Cerro Grande Fire,” Los Alamos National Laboratory report LA-
13816-MS (2001).

Kraig, D., R. Ryti, D. Katzman, T. Buhl, B. Gallaher and P. Fresquez, “Radiological and
Nonradiological Effects After the Cerro Grande Fire,” Los Alamos National Laboratory report

LA-13914 (2002).

Klement, A.W., "Radioactive Fallout Phenomena and Mechanisms," Health Physics,
11:1265-1274 (1965).

17



LANL (Los Alamos National Laboratory), “A Special Edition of the SWEIS Yearbook Wildfire
2000,” Los Alamos National Laboratory report LA-UR-00-3471 (2000).

Lissoway, J.D., “Remembering the La Mesa Fire,” pp. 7-10 in Fire Effects in Southwestern
Forests: Proceedings of the Second La Mesa Fire Symposium, United States Department of

Agriculture Forest Service General Technical report RM-GTR-286 (1996)

Nelson, W.C., and F.W. Whicker, "Cesium-137 in Some Colorado Game Fish, 1965-66," in
Symposium on Radioecology, U.S. Atomic Energy Commission report CONF-670503, Nelson,
D.J. and F.C. Evans, Eds. U.S. Atomic Energy Commission, Washington, D.C. (1969).

NRC (Nuclear Regulatory Commission), “Calculation of Annual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR 50,”
Appendix I, NRC Report, Regulatory Guide 1.109 (1977).

Perkins, R.W., and C.W. Thomas, "Worldwide Fallout," in Transuranic Elements in the
Environment, Technical Inforamation Center, U.S. Department of Energy, Washington, D.C.

(1980).

Purtymun, W.D., "Geohydrology of the Pajarito Plateau With Reference to Quality of Water,
1949-1972," Los Alamos Scientific Laboratory report LA-5744 (1975).

Purtymun, W.D., R.J. Peters, T.E. Buhl, M.N. Maes, and F.H. Brown, "Background
Concentrations of Radionuclides in Soils and River Sediments in Northern New Mexico,

1974-1986," Los Alamos National Laboratory report LA-11134-MS (1987).

RAC (Risk Assessent Corporation), “Analysis of Exposure and Risks to the Public from
Radionuclides and Chemicals Released by the Cerro Grande Fire at Los Alamos, Task 2.7:

18



Estimated Risks from Releases to Surface Water,” Risk Assessment Corporation report No. 4-

NMED-2002-FINAL (2002).

Salazar, J.G., "Produce and Fish Sampling Program of Los Alamos National Laboratory's
Environmental Surveillance Group," Los Alamos National Laboratory report LA-10186-MS
(1984).

Stephens, D.B., P.M. Kearl, and R.W. Lee, "Hydrogeologic Review for the Environmental
Restoration Program at Los Alamos National Laboratory," LANL Hydrogeology Panel Final

Report, Daniel B. Stephens and Associates, Inc., Albuquerque, NM (1993).

USDOE, "Final Environmental Impact Statement: Los Alamos Scientific Laboratory Site, Los
Alamos, New Mexico," U.S. Department of Energy report DOE/EIS-0018 (1979).

USDOE (U.S. Department of Energy), “Internal Dose Conversion Factors for Calculation of
Dose to the Public,” USDOE report DOE/EP-0071 (1988).

USDOE (U.S. Department of Energy), “Environmental Regulatory Guide for Radiological
Effluent Monitoring and Environmental Surveillance,” USDOE report DOE/EH-0173T (1991).

Whicker, W.F., W.C. Nelson, and A.F. Gallegos, "Fallout Cs-137 and Sr-90 in Trout From
Mountain Lakes in Colorado," Health Physics, 23:519-527 (1972).

Whicker, W.F., and V. Schultz, Radioecology: Nuclear Energy and the Environment, CRC
Press, Inc., Boca Raton, FL (1982).

19



APPENDIX A
Mean Radionuclide Concentrations in Game (Surface-Feeding) Fish Upstream and Downstream of
Los Alamos National Laboratory From 1979 to 2002.

0¢

3H 9OSr 137Cs totU 238Pu 239,240Pu 241AIn
Location/Year  pCi/mL (107 pCi/lg (107 pCi/lg  (ng/gdry)  (10°pCi/lg  (10° pCi/g  (10” pCi/g
dry) dry) dry) dry) dry)

Upstream

1979 3.7 1.9 -10.7 -0.8

1980 57.0 -1.8 -0.7

1981 13.0 7.0 -13.0 40.0

1982 1.5 17.0 2.7 0.5 3.0

1983 4.3 3.8 1.8 0.0 2.0

1984 6.0 34.0 4.6 14.0 2.0

1985 5.1 -8.0 5.7 -38.0 1.8

1986 7.6 -3.8 1.7 3.0 6.0

1987 19.0 6.0 1.4 -3.0 6.0

1988 7.1 1.4 3.0 8.0

1989 8.2 -0.4 2.2 6.0 -0.4

1990 11.6 22 1.7 2.0 5.0

1991 1.0 0.1 3.2 3.0 3.0

1992 1.1 9.6 1.2 4.5 14.0

1993 3.2 0.4 3.3 0.0 5.1

1994 4.4 10.8 0.9 -0.4 -0.4

1995 -0.0 6.4 1.5 1.5 2.4 0.0

1996 0.4 2.9 1.0 3.4 1.5 3.6 9.2



1C

3H 9OSr 137Cs totU 238Pu 239,240Pu 241AIn

Location/Year  pCi/mL (107 pCi/lg (107 pCi/lg  (ng/gdry)  (10°pCi/lg  (10° pCi/g  (10” pCi/g
dry) dry) dry) dry) dry)

1997 -0.1 -0.5 1.9 1.8 -0.8 18.2 10.4
1998 0.3 2.8 1.5 2.8 7.7 -1.0 47.2
1999 -0.0 1.6 0.9 2.7 11.2 22.4 22.3
2000 -0.1 -0.6 2.1 15.9 6.8 22.9
2001 1.7 0.5 5.3 0.5 24.9 15.3
2002 1.4 -0.3 3.2 -4.8 16.7 14.5
Mean of
means 0.0 4.2 6.7 2.8 -0.5 7.7 13.7
Std. Dev. (0.3) 4.7) (13.8) (1.6) (10.4) (10.2) (20.7)
Downstream
1979 7.8 1.5 -23.0 -6.0
1980 6.5 11.0 7.6
1981 2.4 3.0 1.0 4.0
1982 4.6 5.0 6.3 2.7 10.0
1983 9.3 -6.3 8.8 -3.0 6.0
1984 6.7 7.6 10.0 5.3 8.0
1985 12.0 7.9 5.5 4.4 4.2
1986 5.2 2.6 1.6 4.0 9.0
1987 5.3 12.0 2.4 5.0 5.0
1988 12.0 2.5 2.0 4.0
1989 8.7 -4.4 3.4 10.0 8.0
1990 7.6 20.3 4.9 5.0 7.0
1991 6.6 0.6 4.8 8.0 4.0



C

3H 9OSr 137Cs totU 238Pu 239,240Pu 241Am
Location/Year  pCi/mL (107 pCi/lg (107 pCi/lg  (ng/gdry)  (10°pCi/lg  (10° pCi/g  (10” pCi/g

dry) dry) dry) dry) dry)
1992 4.1 13.2 5.4 3.3 9.0
1993 9.2 0.6 5.5 5.0 4.6
1994 8.4 3.2 6.6 3.0 0.0
1995 0.1 5.4 0.7 3.5 0.0 0.0
1996 (6/3) 0.1 43 1.8 5.0 0.9 9.0 9.5
1996 (8/8) 0.1 3.2 2.1 6.3 2.4 3.8 19.0
1997 0.1 1.7 1.3 3.4 0.5 5.1 7.0
1998 0.8 23 3.0 2.4 5.1 8.0 187.1
1999 0.2 3.7 0.5 4.6 17.6 30.6 67.9
2000 (6/29) 2.1 0.4 44 9.2 2.4 7.5
2000 (7/27) 0.1 0.1 5.8 2.7 5.6 _13.6
2000 (8/29) 3.7 0.9 6.2 44.4 113 _18.2
2001 (4/25) 23 1.9 44 5.7 15.4 15.0
2001 (5/30) 2.2 1.4 6.5 36.8 16.9 15.7
2001 (8/14) 2.4 1.1 43 0.2 8.5 32.9
2002 2.4 0.5 9.9 3.8 7.3 35.5
Mean of
means 0.2 5.1 2.4 5.0 45 6.1 29.2

SD (0.3) (3.0) (6.1) (2.2) (12.3) (7.4) (55.0)




APPENDIX B
Mean Radionuclide Concentrations in Non-Game (Bottom-Feeding) Fish Upstream and Downstream of
Los Alamos National Laboratory From 1976 to 2002.

€

3H 9OSr 137Cs totU 238Pu 239,240Pu 241Am
Location/Year  pCi/mL (107 pCi/lg  (10%pCi/g  (ng/gdry)  (10°pCi/lg  (10°pCi/g  (10” pCi/g
dry) dry) dry) dry) dry)
Upstream
1976 0.4 1.5 7.5 -6.0
1979 13.2 3.4 -10.3 -10.8
1980 43.0 -6.3 -0.07
1981 10.0 6.1 3.7 3.0
1982 8.1 16.0 10.0 11.0 10.0
1983 14.0 7.6 20.0 1.0 3.0
1984 9.2 19.0 9.7 42 3.7
1985 9.2 0.0 8.2 0.2 22.0
1986 5.1 -3.7 6.8 1.0 4.0
1987 4.2 13.0 52 3.0 3.0
1988 5.4 2.9 3.0 3.0
1989 3.3 6.2 9.0 0.5 3.0
1990 4.4 26.8 6.5 5.0 3.0
1991 2.6 2.1 5.1 1.0 3.0
1992 3.2 11.0 5.2 4.0 18.0
1993 4.7 0.8 4.3 7.6 2.9
1994 4.2 12.2 7.5 2.8 0.0

1995 -0.0 5.0 1.6 10.3 4.2 0.0



¥C

3H 9OSr 137Cs totU 238Pu 239,240Pu 241Am
Location/Year  pCi/mL (107 pCi/lg  (10%pCi/g  (ng/gdry)  (10°pCi/lg  (10°pCi/g  (10” pCi/g

dry) dry) dry) dry) dry)
1996 0.1 33 0.9 7.4 2.5 3.6 6.3
1997 0.1 2.5 0.8 10.5 12.6 5.5 8.5
1998 -0.3 -2.6 0.3 9.3 5.2 1.2 28.5
1999 0.0 5.2 0.2 10.3 2.5 10.9 14.4
2000 3.8 -0.8 8.3 32.1 12.2 -1.5
2001 2.8 -0.1 154 7.4 1.5 7.0
2002 2.8 0.1 12.2 5.9 13.9 8.7
Mean of
means -0.0 5.2 6.6 8.1 3.8 4.5 10.3
SD (0.2) (3.8) (11.1) (4.1) (7.8) (6.9) (9.3)
Downstream
1976 -0.8 2.0 -6.4 -4.4
1979 9.2 10.3 -13.0 -11.4
1980 38.0 1.8 -2.2
1981 53 66.0 -0.6 1.0
1982 7.6 13.0 13.0 6.0 -9.0
1983 7.6 4.3 27.0 7.0 11.0
1984 6.4 15.0 27.0 3.1 0.0
1985 8.0 5.2 19.2 -5.0 8.7
1986 1.8 -2.2 8.7 1.0 2.0
1987 5.2 10.0 11.5 5.0 1.0
1988 7.7 8.2 7.0 4.0

1989 24 -140.0 8.6 1.0 -0.2



4

3H 9OSr 137Cs totU 238Pu 239,240Pu 241Am
Location/Year  pCi/mL (107 pCi/lg  (10%pCi/g  (ng/gdry)  (10°pCi/lg  (10°pCi/g  (10” pCi/g

dry) dry) dry) dry) dry)
1990 1.6 17.8 5.9 3.0 0.2
1991 1.7 0.1 9.2 4.0 2.0
1992 1.5 10.5 8.8 7.6 6.0
1993 3.5 0.5 12.0 42 53
1994 4.9 0.4 20.4 2.6 0.0
1995 -0.0 42 0.5 8.3 0.8 0.0
1996 (6/3) 0.4 43 1.4 12.1 5.9 10.7 18.1
1996 (8/8) 0.2 52 1.4 11.7 0.3 2.7 8.9
1997 0.1 5.4 1.2 24.0 0.5 4.8 5.1
1998 1.1 42 0.9 14.0 9.5 10.0 77.7
1999 0.4 4.6 0.1 21.1 11.4 22.8 30.2
2000 (6/29) 1.3 0.0 15.0 1.1 9.3 7.0
2000 (7/27) 1.0 0.4 6.3 3.4 6.7 143
2000 (8/29) 1.1 0.4 10.8 58.3 3.2 41.8
2001 (4/25) 2.5 0.5 15.3 3.8 1.9 12.4
2001 (5/30) 2.3 0.1 12.5 20.1 5.7 34.2
2001 (8/14) 2.5 0.0 13.6 5.2 3.9 16.4
2002 3.0 -0.5 21.5 0.7 7.8 15.0
Mean of
means 0.3 4.0 0.4 15.3 3.3 3.1 19.0

SD (0.5) (2.4) (28.1) (11.6) (12.2) (6.6) (25.0)
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